The pH-dependent induction of lipid membrane ionic permeability by N-terminally lysine-substituted analogs of gramicidin A.
Insertion of charged groups at the N-terminus of the gramicidin A (gA) amino acid sequence is considered to be fatal for peptide channel-forming activity because of hindrance to the head-to-head dimer formation. Here the induction of ionic conductivity in planar bilayer lipid membranes (BLM) was studied with gA analogs having lysine either in the first ([Lys1]gA) or the third ([Lys3]gA) position. If added to the bathing solution at neutral or acidic pH, these analogs, being protonated and thus positively charged, were unable to induce ionic current across BLM. By contrast, at pH 11 the induction of BLM conductivity was observed with both lysine-substituted analogs. Based on the dependence of the macroscopic current on the side of the peptide addition, sensitivity to calcium ions and susceptibility to sensitized photoinactivation, as well as on the single-channel properties of the analogs, we surmise that at alkaline pH [Lys1]gA formed channels with predominantly single-stranded structure of head-to-head helical dimers, whereas [Lys3]gA open channels had the double-stranded helical structure. CD spectra of the lysine-substituted analogs in liposomes were shown to be pH-dependent.